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Development of Forged Piston for Weight-Reduction
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Abstract : This forged piston is proposed with a lighter weight and higher durability than a gravity casting piston for
gasoline engines. However, a forged piston is very difficult to develop and mass-produce due to lack of basic
technologies such as design, material and forging technique. First, we benchmarked existing forged pistons according to
database design parameters. Second, we evaluated two solidification processes, continuous casting and spray forming,
to produce heat-resistant alloy billets for forging. The spray forming process gives better mechanical properties at all
temperatures, particularly at elevated temperatures except when poor formability is present. We used DEFORM
simulation to determine the optimum process condition with billet from spray forming and successfully commercialized

it with LF Sonata HEV.
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: Gasoline piston(7}<& & 3] 2~ ), Forging(Tt3), Continuous casting($1 < +32), Spray-forming(-AF
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Fig. 1 Example of forged piston benchmarking

Table 1 Design factor of forged piston

shelch
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A B C D
K-Factor
4 54 34 .
(WIRY) 0.45 0.5 0.347 0.36
Bore diameter | 00 | g5 920 | 1010
(R, mm)
Weight
453.6 330.7 261.7 368.9
(W, g)
Compression height 351 243 3 275
(H, mm)
Length (L, mm) 52.7 47.6 41.6 493
Head thickness 6.55 5.40 720 6.04
(T, mm)
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Table 2 Chemical composition of continuous casting materials

Chemical composition
1Cu-1Ni alloy Al-128i-1Cu-1Ni-0.5Mg
4Cu-3Ni alloy Al-128i-4Cu-3Ni-0.5Mg
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Fig. 2 Microstructure analysis
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Tensile strength(MPa, at 25°C)

7lE T

1

1Cu-1Ni alloy
(Gravity die-casting)

j Fatigue strength(MPa, at 250°C)
=

1Cu-1Ni alloy
(Continuous casting)

1Cu-1Ni alloy
(Gravity die-casting)

1Cu-1Ni alloy
(Continuous casting)

Fig. 3 Results of mechanical property test
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Fig. 4 Spray-forming process
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Fig. 5 Microstructure of spray-formed Al-25Si-5Fe-Ni-CuMn
alloy
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Fig. 6 Result of DEFORM simulation
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Fig. 7 Forging process map for spray-formed material
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Fig. 8 Forged piston for LF SONATA HEV
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